Long-term effects of the testicular torsion on the spermatogenesis of the contralateral testis and the preventive value of the twisted testis orchiepididymectomy ABSTRACT PURPOSE: To determine whether the testicular torsion causes long-term effects on the spermatogenesis of the contralateral testis, and whether the orchiepididymectomy of the twisted testis could prevent them, using specific spermatogenesis parameters to elucidate the conflicting results in the literature. METHODS: Seventy-four pubertal male Wistar rats were randomly selected. The experimental group consisted of 40 rats, divided into four subgroups, submitted to 1.080 degrees counterclockwise left testicular torsion and its scrotal fixation at the beginning of the experiment, and left orchiepididymectomy at one, five, ten and 90 days, respectively. The control group consisted of 24 rats, divided into four sham operation control subgroups. An additional control subgroup consisted of the ten remaining rats, submitted only to the left orchiepididymectomy at the beginning. At 90 days, the contralateral testes of the experimental and control subgroups were collected for the evaluation of their spermatogenesis parameters: testicular weight, seminiferous tubular diameter, Johnsen score and differential counting of the germ cells.
Introduction
Testicular torsion is the rotation of the testis with its epididymis and spermatic cord around its own longitudinal axis.
It is the most important scrotal emergency because the high risk of permanent lesions to the twisted and to the contralateral testis [1] [2] [3] . It is a common urological emergency during puberty, with annual incidence of one in 4.000 males under 25 years of age 4 , occurring exactly at the same time as when the boy is processing his psychological sex self-affirmation and the spermatogonium starts its development to form spermatozoids. Its aetiology is usually due to an anatomical defect, frequently bilateral, caused by the upward extension of the tunica vaginalis insertion on the spermatic cord, so that the testis is suspended freely inside the tunical cavity, allowing it to rotate. For this reason, the peak of incidence of testicular torsion is around puberty, just when the testicular mass is rapidly increasing, predisposing it to torsion 5 .
The immediate diagnosis and treatment aims to minimize the testicular lesions 1 . However, the testicular torsion is frequently misdiagnosed as orchiepididymitis, or the patient takes too long to seek medical attention, resulting in irreversible spermatogenesis damage, testicular atrophy and low fertility in adulthood 1, 3 .
Because the torsion of the testicle usually causes severe and permanent damage to the ipsilateral spermatogenesis due to the necrosis of their germ cells, the preservation of the spermatogenesis of the contralateral testis is essential to preserve the fertility of the patient.
It is well-established in the literature that testicular torsion causes early damage to the spermatogenesis of the contralateral testis [6] [7] [8] [9] . However, there are few and conflicting results in the literature as to whether the testicular torsion causes permanent damage (long-term effects) to the spermatogenesis of the contralateral testis, and whether the orchiepididymectomy of the twisted testis could prevent this damage [10] [11] [12] [13] [14] [15] . Many theories have been suggested to explain the contralateral injuries to the spermatogenesis, such as auto-immunization induced by the necrotic haploid germ cells of the twisted testis 16 , production of reactive oxygen species 11, 14 and contralateral sympathetic reflex 13 .
Information regarding long-term effects on the contralateral spermatogenesis, and the value of the orchiepididymectomy of the twisted testis, would be very useful to guide two important and common circumstances in the surgical management of testicular torsion: first, when the twisted testis shows a partial or insufficient reperfusion during its surgical repair, the question is whether this testis should be left inside the scrotum, or removed to prevent or minimize the late spermatogenesis damage to the contralateral testis; second, in cases in which the elapsed time from the beginning of the testicular torsion until medical evaluation is so long that the patient became asymptomatic and the testicle is presumably unviable, the question is whether its orchiepididymectomy should still be performed for preventive purposes for the contralateral spermatogenesis.
The objectives of this study are to determine whether the testicular torsion causes long-term effects to the spermatogenesis of the contralateral testis, and whether the orchiepididymectomy of the twisted testis could prevent them, by using specific spermatogenesis parameters in order to elucidate the conflicting results in the literature.
Methods
This study was previously approved by the Research 
Experimental and control groups
The experimental group consisted of 40 rats randomly 
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Histological processing
The left and right testes, at the time of their resections, were submitted to the resection of four fragments of approximately 2x2x2 mm from their testicular parenchyma, which were immediately immersed for four hours in Bouin's solution, washed in water and fixed for 24 hours in 10% formalin solution. Two of these fragments were embedded in paraffin, cut into four micronthin cross-sections, and stained with hematoxylin and eosin (HE), while the other two fragments were stored as back-up for the research.
Evaluation of the contralateral testes parameters
The right contralateral testes were evaluated for their 
Results
The rat weights at the beginning and at the end of the experiment, and their variations, were not statistically different among the research subgroups.
The macroscopic aspects of left twisted testes of the experimental subgroups at one, five, ten and 90 days are shown in Figure 2 , showing the different colors of the surface of the testis, according to the duration of its torsion, and its hypotrophy at 90 days. The statistical analysis of all of the parameters of the spermatogenesis of the contralateral testes showed no significant differences among the experimental and control subgroups (MannWhitney test, -1.96≤z≤1.96, p>0.05).
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Discussion
In order to be similar to the most frequent characteristics of human testicular torsion: pubertal age, internal torsion and left side 21, 22 , this research used pubertal rats and counterclockwise torsion direction of the left testis.
The intensity of testicular damage is directly proportional to the degree and duration of the testicular torsion 16, 23 . So, this study used a high level of 1.080 degrees of left testicular torsion, for different periods of time, to exacerbate the damage to the spermatogenesis of both testes. This high degree of torsion exhibited the expected histological stages of the coagulation necrosis of the ipsilateral testicular parenchyma (Figure 3 ), as we already observed in a previous study 24 using the same degree of testicular torsion in adult rats.
The length of one cycle of the seminiferous epithelium cycle (SEC) lasts 12.9 days in the rat and approximately 58 days (4.5 cycles) are required for the committed type A spermatogonia to differentiate into mature spermatozoa 19, 25 . Therefore, the period of 90 days used in the present study can be considered adequate to detect the long-term injuries induced on the undifferentiated spermatogonia, as well as the possible recovery of the seminiferous epithelium of the contralateral testis.
There are few experimental studies in the literature in regard to the long-term effects of testicular torsion on the spermatogenesis of the contralateral testis, and the value of the orchiepididymectomy of the twisted testis to prevent them [10] [11] [12] [13] [14] [15] .
Using unilateral testicular torsion of 720 degrees in adult rats for one, two or four hours, Turner 10 observed no injury to the contralateral spermatogenesis testis after seven, 30 and 60 days, evaluating its testis weight, spermatogenesis status only subjectively classified as normal or abnormal and the concentration and motility of the spermatozoids in the tail of the epididymis.
Prillaman and Turner 11 using the unilateral testicular torsion of 720 degrees in adult rats for one or two hours, found no effects on the weight and the estimated daily sperm production of contralateral testis at 60 days. The venous serum testosterone concentration also remained unchanged.
On the other hand, Kosar et al. 12 submitted adult rats to various degrees of unilateral testicular torsion for 12, 48 hours or three months, with or without orchiectomy of the twisted testis one month after its torsion. The contralateral testis at one month showed a significant decrease of the testicular weight, seminiferous tubular diameter and Johnsen score, with significant improvement at three months only in the group that underwent orchiectomy of the twisted testis, suggesting that the orchiectomy could be beneficial to prevent those alterations.
Tander et al. 13 performed a unilateral testicular torsion of 720 degrees for 55 days in prepubertal rats, verifying that the contralateral testis showed a statistically significant decrease of In the present study, the stages VII and VIII were chosen because they have the most mature germ cells of the SEC in their seminiferous tubular lumens 19 , i.e., spermatozoids, so these stages are the most sensitive in demonstrating any injuries to their spermatogenesis. Furthermore, the seminiferous tubular diameter varies depending on the thickness of each stage of the SEC, in this study its measurement was performed in these fixed VII and VIII stages to avoid any variation due to the stages of the SEC.
The evaluation of SEC has also been used in the design of testing protocols to study the toxicological effects of drugs on the male reproductive system 25, 26 .
Vigueras et al. 14 
Conclusions
Testicular torsion does not cause long-term effects on the spermatogenesis of the contralateral testis in pubertal rats, and the orchiepididymectomy of the twisted testis is not necessary for preventive purposes for the contralateral spermatogenesis.
